It is shown in this work that the room-temperature excitation spectra of as-grown crystals of LiF, NaF, NaC1, KC1, and KBr doped with Mn + reveal the existence of double excitation peaks. These peaks are related to the formation of precipitated phases containing Mn2+ in the alkali halide lattice. In the case of LiF:Mn + the position of the [42~(G), 4E(G)] and T~(G) peaks suggests an anomalously small Mn +-F distance for the precipitated phase.
I. INTRODUCTION
The optical properties associated with a given transitionmetal cation M in an ionic lattice depend to a great extent on the MX"complex formed by Mand the n nearest anions X Nevertheless, when the cation is not an impurity dissolved in a given host lattice, but is ordered as a component of a perfect 1attice, new features can appear related to the existence of an effective exchange interaction between the cations in nearest-neighbor positions.
One of the most spectacular consequences of this fact is the appearance of the so-called double excitation transitions which have been particularly observed for some Mn'+ compounds such as MnF2, ' RbMnF3, " KMnF3, NaMnF3, ' and Rb2MnC14.
Also, a double excitation has been recently observed in Mn-doped NaCl when the impurity is precipitated in a metastable phase (Suzuki phase).
If we consider a pair of Mn + ions in close positions the ground-state wave function is in a first approximation @t@), where Pot All the spectra reported in this work were performed at room temperature (Rr).
In order to support the presence of precipitated phases in our as-grown crystals we have also measured the corresponding EPR spectra at RT using a Varian E-12 X-band spectrometer.
Quenching treatment was achieved by heating the samples for 30 min at 600'C and dropping them into a copper block at RT. Figure 1 shows the excitation spectra measured at RT for both as-grown and quenched samples of NaC1:Mn'+. In the as-grown sample, the presence of the Suzuki phase has been confirmed by using Raman spectroscopy. "
III. EXPERIMENTAL RESULTS AND DISCUSSION
The six excitation peaks appearing at low energy have been unambiguously associated with crystal-field transitions of Mn + ions in cubic or riearly cubic symmetry.
s Their corresponding assignment is also given in the figure. The position of these crystal-field bands is very similar for the as-grown and quenched crystals. Nevertheless, a recent study on this system' has shown that the 10aq value is about 300 cm ' higher for the as-grown crystal, a fact which has been associated with a slightly smaller Mn~+-C1 distance in this case.
On the other hand, the excitation band peaked at 231 nm in the as-grown samples has a much higher intensity than the other ones and nearly disappears upon quenching. This band cannot be associated with any crystal-field transition whereas it has been ascribed5 to the double excitation With regard to the results on KBr:Mn +, they are shown in Fig. 2 . In this case the most remarkable feature observed when comparing the excitation spectra corresponding with the as-grown and quenched samples is again the strong diminution in the intensity of the 236-nm peak after quenching. In a similar way to the NaC1:Mn + system this band cannot be attributed to a crystal-field transition. Thus we have assigned it to the double transition "T~(G) +[ E(G), 4A~(G) ]. In fact, its energy is only -300 cm ' higher than the sum of the energies corresponding to the single transitions involved.
The position of the crystal-field transition peaks is very similar for both situations, though the Tt(G) peak (538 nm) for the quenched sample has a somewhat smaller energy than that corresponding to the as-grown crystal (530 nm). The results concerning NaF:Mn + can be seen in Fig. 4 . In this case also the intensity of the 230-nm peak marked 4A~( G) ] strongly decreases upon quenching and, at the same time, a somewhat different crystal-field spectrum appears. The differences between the excitation spectra before and after quenching are qualitatively similar to those observed for LiF:Mn2+, but less drastic.
For instance, the "T~(G) peak observed after quenching is only 440 cm ' above the corresponding as-grown crystal. (3) These peaks cannot be associated with charge-transfer transitions from the nearest anions to Mn'+. In fact, recent experimental data point out that the first of these bands is placed at 172 nm for LiC1:Mn'+ while it lies at 207 nm for Liar:Mn +. In regards to the position of the first chargetransfer peak associated with (MnF6)4, it should be around 120 nm following J@rgensen's optical electronegativity scale.
8 In this way a small peak observed at about 113 nm for MnF2 has been ascribed to the first charge-transfer transition.
As the position of charge-transfer bands is mainly governed by the nature of the central ion and the corresponding ligand, neither its position nor the disappearance upon quenching can be reconciled with a charge-transfer assignment for our peaks.
The appearance of double excitation transitions should not be necessarily related to the presence of microcrystals containing a precipitated phase. Indeed, such transitions, which require the existence of at least two Mn + ions in close positions, could also appear when dimers or other small aggregates are formed. However, in NaC1:Mn2+ it has been recently proved' that the 231-nm peak is only related to the presence of the Suzuki phase and not to the existence of such small aggregates formed, to a large extent, at RT about 100 h after quenching.
In the other hosts studied in the present work an analysis similar to that made for NaC1:Mn'+ has not yet been performed. However, the results on NaC1:Mn'+, as well as the existence of exchange-narrowed EPR bands for the asgrown crystals investigated along this work, support our assumption that the double excitation bands observed in the present systems are mainly related to the formation of precipitated phases containing Mn +, rather than to dimers or other small aggregates.
Finally, we want to point out that this kind of experiment can provide useful information about local differences among the metastable phase and the quenched crystal. In this way the results obtained for NaC1:Mn +, LiF:Mn +, and NaF:Mn2+ clearly suggest that R is smaller for the precipitated phase than for the quenched crystal, this effect being particularly significant in the case of LiF:Mn +.
Further work along this line is currently in progress.
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